Efficient and low-cost oil/water separation remains a great challenge for industries. Natural cellulose-based filter paper, because of its abundance, low cost, biodegradability and excellent chemical stability, has been developed as an oil/water separator in recent years. In the present study, a superhydrophilic and underwater superoleophobic filter paper is successfully prepared by an aldol condensation reaction to crosslink glucose molecules with filter paper. The prepared filter paper is characterized by IR-spectroscopy, SEM spectroscopy and wettability measurements, and it has high underwater oil contact angles of over 162 for hexane, toluene and petroleum ether. It is shown that the modified filter paper has high water recovery from various oil/water mixtures, not only in a gentle environment but also in acidic, alkaline, and salty environments and at different temperatures. Moreover, the glucose modified filter paper shows excellent oil/water emulsion separation efficiency (>99%) and good recycling performance. The preparation is economic and could be easily scaled up, suggesting its great potential for large-scale industrial applications.
Introduction
With the rapid development of the manufacturing industry and food catering industry, frequent oil spills and oily wastewater have caused serious ecological and environmental problems. Energy efficient and cost-effective separation of oil/water mixtures has been plaguing the world for decades. [1] [2] [3] [4] Recently, materials with special super-wetting properties for oil or water have attracted increasing attention because of their remarkable surface-active features. 5, 6 Superhydrophobic and superoleophilic mesh lms are the rst such materials to be used. 7 Subsequently, many innovative materials, including metallic meshes, 7, 8 fabrics, 9 lter papers, 10-12 polymeric membranes, 13 sponges and foams, 14, 15 etc., have been developed for oil/water separation by ltration and absorption methods. Because of the lipophilic properties of the materials, such "oil-removing" materials are easily fouled or even blocked by oil droplets and impurities. Compared with the "oil-removing" materials, "waterremoving" ones with superhydrophilic and superoleophobic properties show great advantages in gravity-driven separation processes because most oils are lighter than water. Moreover, it could prevent materials from being polluted by oils. But it is quite difficult to create a superoleophobic material in air because surface tensions of oils are much lower than water. 16 Furthermore, the fabrication of superoleophobic materials is rather sparse due to the high surface energy nature of most solids. Only a few hydrophilic and oleophobic materials have been reported, which are based on polymers consisting of hydro-responsive (hydrophilic) and polymer-uorosurfactant (oleophobic) components. When these materials are in contact with water, their hydrophilic components move to surface, and the hydrophilicity and oleophobicity are obtained. [17] [18] [19] [20] Inspired by sh scales, 21 another innovative approach to achieve the "water-removing" materials, that is, developing superhydrophilic and underwater superoleophobic materials is proposed recently by researchers. Based on Young's equation, hydrophilic surfaces in air can become oleophobic in water, 22 and underwater superoleophobic surfaces could be obtained by design of hydrophilic chemical compositions and micro/nano hierarchical structures. 22, 23 By utilization of macromolecular layers, nano or micro-particles, nano bres, and etc., a large number of superhydrophilic and underwater superoleophobic materials have been described and drawn extensive attentions due to their highly efficient ltrations and broad application prospects on oil/water separation. 17, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] Filter paper, with its porous structure constructed by cotton microbers, is widely used in solid-liquid separation. Natural cotton bres consist of numerous brils of b-glucose with cuticle covered by 55% cellulose and the other non-cellulosic compounds like pectin, protein, and wax, 39 which makes primary lter paper impractical for liquid-liquid separation. Due to their abundance, low cost, biodegradability, easily scalable fabrication and excellent chemical stability, fabricating cellulose lters with capacity for liquid-liquid separation is of great importance to both academics and industries. Numerous efforts have been made to turn these materials into oil/water separators. Recently, "oil-removing" lter papers modied by coating of superhydrophobic materials on surfaces [10] [11] [12] 40, 41 have been reported. Such lter papers are usually prepared by modication of nanoparticles with hydrophobic materials, resulting in hierarchical structures with low surface energy and high roughness. However, those rough structures may be destroyed by ow of liquids passing through lters because of poor adhesive interactions between nanoparticles and substrates.
And "water-removing" ones prepared by crosslinking of hydrogels or physical depositing of hydrophilic polymers on lter papers are more favoured because of their energy efficiency, appreciable recyclability and chemical stability.
27,28,32
For example, lter paper coated with a layer of nanobrillated cellulose hydrogel displays oleophobic behavior in water and good performance in oil-in-water emulsion separation. 25 A superoleophobic lter paper prepared by a two-step dip adsorption process with paraffin wax and poly(dimethylsiloxane)-b-poly(ethylene oxide) diblock copolymer exhibits good oil-water separation efficiency for nonstabilized emulsions.
32 PVA-coated lter papers show high tolerance in harsh acidic, basic and alkaline environments,
28
effective oil-water mixture separation with high ux, 27 and high efficiency in separation of oil/water emulsions.
27,28
Nevertheless, most of them would be hindered in industrial applications due to the expensive reagents, intricate and time-consuming preparation process. It is still highly demanding for high-performance separators prepared with easily available substances by facile and affordable modi-cation methods.
In this paper, we report a glucose-modied superhydrophilic and underwater superoleophobic lter paper for oil/water separation. Our approach stems from the pioneering studies of coating paper with hydrogels, but it is different in using water-soluble small molecules. b-Glucose, the basic monomer unit of cellulose, is a nature product of plants. As a small molecule, it would absorb on hydrated lter paper and enter the inner layer of paper much faster than hydrogels and polymers. By using glutaraldehyde (GA) as the crosslinker and hydrochloride (HCl) as the catalyst, we demonstrate that glucose and lter paper can be covalently bonded through a simple dipcoating method. The modied lter paper is proven to separate oil/water mixtures in acidic, alkaline, and salty environments. The lter paper is also applied to separate surfactantstabilized oil/water emulsions successfully with high separation efficiency. The preparation avoids pre-treating polymers, and makes the industrial fabrication more facial and economically efficient. The obtained lter papers are biodegradable and chemical stable, reusable, and allowing for scale-up for largescale applications.
Experimental section

Materials
GA aqueous solution (50 wt% in water) was obtained from Tianjin Damao Chemical Reagent Factory, China. HCl (37 wt%), Sudan IV, sodium hydroxide (NaOH), sulfuric acid (H 2 SO 4 ), and toluene were purchased from Sinopharm Chemical Reagent Co., Ltd., China. Hexane was obtained from Jiangsu Qiangsheng Functional Chemical Co., Ltd., China. Petroleum ether was purchased from Shanghai Lingfeng Chemical Reagent Co., Ltd., China. The lter papers with particle retention sizes of 2.5 mm, 11 mm and 25 mm were obtained from Hangzhou Whatman Filter Paper Co. Ltd., China. The lter papers were dried under vacuum at 35 C for 24 h before use. Glucose was purchased from a local market (food grade, Changzhou, China). The rest chemicals were all of analytical grade and used as received.
Fabrication of glucose coated lter paper
Glucose solutions were prepared by dissolving glucose grains in deionised water at room temperature. A lter paper was then immersed in a glucose solution at room temperature for 20 min to make the lter paper completely wet. Next, the wetted lter paper was taken out, blotted the surface with a tissue to remove any excess solution, and again immersed into a 20 mL of GA solution (50 wt% in water) at 25 C for 48 h. pH value of the solution was corrected to 2 with HCl (37 wt%). Finally, the obtained glucose coated lter paper was washed with deionised water and ethanol for several times to remove potential excess glucose or GA, and then dried under vacuum before use.
Characterization of lter paper
The surface chemical states of lter papers were analyzed by an attenuated total refraction Fourier transform infrared (FTIR-ATR) spectra, using a Nicolet Avatar 370 spectrometer and a SMATR-iTR unit (Thermo Fisher Scientic™, USA) equipped with a diamond crystal prism. Spectra were gathered in the range of 4000-400 cm À1 with a spectral resolution of 0.5 cm À1 .
The surface morphologies of ler papers were investigated by eld emission scanning electron microscopy (FESEM) using a SUPRA55 (Zeiss, Germany) microscope, which was working in high vacuum mode and with an acceleration voltage of 8 kV. Test specimens (0.5 cm Â 0.5 cm ca.) were mounted on aluminium stubs with conductive tapes. Before measurements, samples were sputter coated with gold using a high resolution sputter coater for 60 s.
All measurements of contact angles (CA) were conducted using a contact angle equipment (JC2000D1, Shanghai Powereach Digital Technology Equipment Co., Ltd., China) at ambient temperature. For underwater oil CA test, a lter paper was placed on an in-house-made transparent support, which was put in water. An oil droplet (5 mL, dyed with Sudan IV) was dropped under the lter paper and the CA was measured. The average value of at least three measurements performed at different positions on the same lter paper was adopted as the underwater oil CA, and at least three pieces of lter papers were tested. To evaluate underwater oil CAs under acidic, alkaline, and saline conditions, we used 2 M HCl solution, 2 M NaOH solution, and saturated NaCl solution as different aqueous environments respectively. A digital camera was used to record images.
The intrusion pressure of oils owing through the coated lter paper was characterized by measuring the maximum height of oil that could be supported by the coated lter paper, 13 and was calculated by eqn (1),
where r is the density of oil, g is the gravity acceleration, and h max is the supportive maximum height of oil on the lter paper. Before measuring, the lter paper was pre-wetted by water.
Oil/water mixture separation
Solely gravity-driven ltration technique was adapted for oil/ water separation. The tests were carried out by using a ltra-tion device composed of a lter bowl and a lter head. The bowl and the head were xed by two clamps, and a piece of lter paper (with a diameter 7 cm) was put between them. Oil/water mixtures were prepared by simply mixing hexane, toluene and petroleum ether respectively into water (oil : water ¼ 30 : 70) and slowly poured onto lter paper which was pre-wetted by water. Oil/water mixtures in acidic, alkaline or saline environments were prepared by mixing toluene with 2 M HCl solution, 2 M NaOH solution, and saturated NaCl solution, respectively. For experiments at different temperature, toluene/water mixtures and ltration device were precooled or preheated to desired temperatures (2  , 30 and 65 , respectively) before measurements. At least three times of oil/water separation experiments were taken to evaluate the separation performance of modied lter papers. The weight of permeated water was recorded at every 5 seconds until separation was completed. And the water recovery (%) was calculated according to eqn (2), 31 water recovery
where m 0 and m f is the weight of water before and aer oil/water separation.
The ltered volume of water through per unit area of paper as a function of time was calculated, and ux of oil/water mixture separation was obtained from slope of the initial linear section (about within 25 seconds) of the volume-time curve 25 and calculated according to eqn (3),
where V is the volume of water permeated through lter paper, A is the surface area of lter paper that ltrate passed through, and t is the time.
The oil contents of ltrates from toluene/water mixtures were also detected. Hexane was then used to extract toluene from ltrates. The typical UV absorbance characteristic of benzene aromaticity at 262 nm was measured (Fig. S1 †) by using an UV-1800 UV spectrometer (Shimadzu Corporation, Japan). The oil content of each sample was acquired by calculating the absorbance and the correction coefficient (Fig. S2 †) .
Oil/water emulsion separation
Toluene/water emulsions with different oil contents (toluene : water ¼ 5 : 95, 10 : 90, 20 : 80, 30 : 70 v/v, respectively) were prepared by adding 2.5 mg of sodium dodecylbenzene sulfate (SDBS) in per mL of water as an emulsier and mixing water with toluene at the stir rate of 1500 rpm for 2 h. The particle sizes of the prepared emulsions were measured by a laser particle size analyzer (BT9300S, Bettersize Instruments Ltd. China). The gravity-driven ltration same as the above description was also adopted in emulsion separation. The separation efficiency was acquired by eqn (4),
where C p and C 0 are the oil concentration of the ltrate and the feed oil concentration in oil/water emulsion, respectively. The ow rate for emulsion separation was much slower than that of oil/water mixture separation. The ux for oil/water emulsion separation was also calculated from slope of the initial linear section of the volume-time curve (about within 5 minutes) by eqn (3). Moreover, the stability and recyclability of glucose-modied lter paper were also tested by immersing the lter paper in an ultrasonic washing machine (40 kHz, 800 W, KQ-800KDE, Kunshan ultrasonic instruments Co., Ltd., China) and ultrasonicated for 24 h, and the separation performance aer sonication was detected. Also, at least three times of oil/ water emulsion separation experiments were taken to evaluate the separation performance of the modied lter paper.
Results and discussion
3.1 Chemistry and surface morphology of glucose coated lter paper Fig. 1 shows the FTIR-ATR spectra of the pristine and the glucose modied lter papers. Typical FTIR-ATR spectra of the untreated lter paper shows a broad absorption peak at 3328 cm À1 , corresponding to the O-H stretching vibrations arising from abundant free hydroxyl and hydrogen-bonded hydroxyl groups, and the peak at 1635 cm À1 is related to the O-H bending vibration of the adsorbed water. It was reported the water adsorbed in cellulose molecules is very difficult to extract even aer a carefully drying process due to the cellulosewater interaction. 42 The peaks at 2901 cm À1 and 1315 cm À1 are related to C-H stretching and bending vibrations. The absorption band at 1427 cm À1 is assigned to the C-H scissoring motion of cellulose. Finally, the signals of anti-symmetrical bridge C-O stretching and C-O-C stretching vibrations of cellulose appear at 1160 cm À1 and 1030 cm À1 , respectively.
32,43
As shown in Fig. 1 , the absorption bands of the modied lter paper are almost the same as the spectra of the pristine lter paper, but the absorption strength of some vibrations increases obviously. For example, the peaks at 3333 cm À1 and 1635 cm À1 related to O-H stretching vibrations become bigger, which indicates the interactions between cellulose and water are stronger in the modied lter papers. 43 The absorption at 1160 cm À1 and 1030 cm À1 , related to anti-symmetrical bridge C-O stretching and C-O-C stretching vibrations respectively, also become stronger, indicating glucose molecules are successfully crosslinked to the surface of lter papers.
To verify the successful crosslinking of glucose molecules and lter paper, the lter paper treated by saturated glucose solution was chosen for morphology observation. Similar to the pristine lter paper, cellulose bres are randomly distributed on the surface of the modied lter paper (Fig. 2a and b) . The high magnication SEM images indicate that the bres are covered with a layer of crosslinked glucose molecules and the veins of cellulose bres become obscured ( Fig. 2d and f) , also some shallow dents and small pores on the lter paper are disappeared. The thickness of the modied lter paper increases with the increase of glucose concentration (Table  S1 †), which also proves that lter papers are successfully modied by glucose molecules.
When lter papers are immersed into glucose solutions, glucose molecules adsorb on the surface of lter paper through hydrogen bonding interactions with cellulose brils. Aer GA is added, the glucose molecules covalently bond to GA by the aldol condensation reaction between hydroxyl groups and aldehyde groups. The reaction between glucose and GA could be proved by the formation of the crosslinked network when glucose and GA solution were mixed (Fig. S3 †) . This reaction not only makes glucose molecules crosslinked by GA, but also allows for the cocrosslinking of glucose molecules with cellulose molecules, as well as the crosslinking of cellulose molecules (Fig. 3) . Therefore, the crosslinked glucose-GA copolymers covalently bond to cellulose molecules, and cover the surface of bres.
Wettability performance
The wettability of the prepared lter papers was tested by putting a 5 mL hexane droplet under lter paper and measuring its underwater CA. As shown in Fig. 4 , the underwater oil CA of the unmodied lter paper is 146.7 AE 2.0 . When the lter paper is modied only by GA solution, the underwater oil CA increases to 155.6 AE 1.2 . The result may be caused by the increased surface roughness of the lter paper, which is induced by co-crosslinking of cellulose molecules. With the increase of glucose concentration, the underwater oil CA increases gradually and the lter paper modied by saturated glucose solution presents an underwater oil CA of more than 160 (Fig. 4) , indicating the super-repellence to oils.
The wettability of the lter paper treated by saturated glucose solution was further tested. As shown in Fig. 5 , when a 5 mL water droplet is dripped onto the untreated or treated lter paper, water droplets are absorbed quickly (within 150 milliseconds) on both of them and water CAs in air are 0 , which indicate both the modied and unmodied lter papers are superhydrophilic. When lter papers are immersed in water, a hexane droplet almost keeps a spherical shape under the modied lter paper and the measured CA is 162 AE 0.3 . In comparison, a hexane droplet appears more oblate under the unmodied lter paper, and the oil CA is 146.7 AE 2 . Therefore, the underwater superoleophobic lter papers have been prepared aer glucose treatment. The glucose modied lter papers also show underwater superoleophobicity in acidic, alkaline, and saline environments with hexane CAs larger than 150 (Fig. 6a) . The strong oil repellence of the modied lter papers was further examined by other oils, such as toluene and petroleum ether. As shown in Fig. 6b , the modied lter paper displays the excellent underwater superoleophobicity to all oils. These results demonstrate that the affinities of the treated lter paper to oils are negligible. When the modied lter paper is immersed in water, water molecules can be attracted by glucose molecules and cellulose bres, and would be trapped into the porous structures of the lter paper, which creates a hydration layer and forms an oilwater-solid composite interface. 25 Therefore the oil repellent properties of the lter papers are enhanced.
Oil/water mixture separation
The separation performance of the glucose-modied lter papers for oil/water mixtures was tested. Toluene was used as the oil phase and the oil/water ratio of 30/70 was adopted. When an oil/ water mixture was poured onto a pre-wetted lter paper (pore size 25 mm) that was xed in ltration device, water permeated easily but oil was retained above the lter paper, and no visible oil was observed in the permeated water. As shown in Fig. 7a , with the increase of glucose concentration, the water recovery does not change too much, but only increases slightly. When glucose concentration is more than 2%, the water recovery becomes larger than 99%. The oil contents remained in ltrates were also measured, and they are less than 10 mg L À1 (Table S2 †), which is comparable to that of the copper mesh decorated with superhydrophilic nickel nanoparticles. 38 Those results indicate the excellent performance of the glucose modied lter papers in oil/ water mixture separation. Interesting, the ux increases obviously when glucose concentration is larger than 4%, and the saturatedglucose-solution modied lter paper has a water ux as high as 4424 AE 60 L m À2 h
À1
. The change of ux with the increase of glucose concentration indicates that the formed network does not block pores of lter papers, and the crosslinked glucose-GA copolymers would swell in water and improve the mobility of the cellulose molecules of brils. Moreover, the hydrophilic properties of lter papers are improved aer modication, which is benecial to capture water molecules. The high ux of the saturated-glucosesolution modied lter paper is comparable to that of PVA-coated lter paper 27 and poly(vinylidene uoride) (PVDF) membrane.
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Therefore, it was chosen for further oil/water separation tests. The oil/water mixtures also could be successfully separated with high water recovery (>99%) in acidic, alkaline and saline conditions (Fig. 7b) , indicating good tolerance of the modied Fig. 4 The underwater hexane CA as a function of the glucose concentration. lter paper for harsh environments. The uxes for toluene/2 M H 2 SO 4 , toluene/2 M NaOH, and toluene/saturated NaCl solutions are 3169 AE 165, 2953 AE 133 and 2082
respectively. The decreased uxes in acidic, alkaline and saline conditions can be contributed to the increased ionic strengths of the solutions, which would depress the swelling of the formed crosslinking network and induce a change in pore size. 27, 44 The uxes are even less than that of the only GA crosslinked lter paper in pure water. The residual oil contents for toluene/2 M H 2 SO 4 , toluene/2 M NaOH, and toluene/ saturated NaCl aqueous mixtures are larger than that of toluene/water solution (Table S3 †) , which may be caused by the weakened interactions between water and hydroxyl groups on the lter paper because of the increased ionic strength.
The performance of the modied lter paper at different temperatures was also examined. For all cases, the water recoveries are >99% (Fig. 7c) , and the oil contents are less than 10 mg L À1 (Table S4 †) . More interesting, the ux increases from
. This indicates swelling of the modied lter paper only allows water passing through because of its superoleophobicity. Those results indicate oilwater separation capacity will not be strongly inuenced by the temperature in the range of 2 C to 65 C. Not only for toluene/ water separation, the modied lter paper also shows high water recoveries and high uxes in hexane/water and petroleum ether/water separation processes (Fig. 7d) . Moreover, the intrusion pressures of the saturated-glucosesolution modied lter paper for toluene, hexane, and petroleum ether were tested by measuring the maximum heights of the oils that could be supported by the coated lter paper (Fig. S4 †) and calculated by using eqn (1) . As shown in Fig. 8 , the intrusion pressures for different oils are all larger than 5 kPa, which are much higher than previously reported membranes 34 and comparable to the PVA-hydrogel coated lter paper.
28 Therefore, the glucose modied lter papers exhibit good stability, tolerance, and promising capacity for separation of the oil/water mixtures.
Oil/water emulsion separation
The performance of the modied lter papers for oil/water emulsion separation was further tested. The ltration device described above was also used and the gravity-driven ltration was adopted. The surfactant-stabilized oil/water emulsions were prepared by mixing toluene and 0.25% w/v of SDBS of water, and stirring at 1500 rpm for 2 h. As shown in Fig. 9 , when toluene/water emulsion (30 : 70 v/v) was poured onto the modied lter paper (with pore size 25 mm) which was prewetted by water, water permeated through the lter paper but the white emulsion was retained. In comparison, the emulsion could permeate the pristine lter paper and the turbid solution was found in the ltrate. Aer water permeated the modied lter paper, the above emulsion became viscous, suggesting the demulsication process was happened during the separation. The modied lter paper could extract water from the emulsion due to its superhydrophilicity, and this process would make oil droplets aggregate and coalesce as water passing through lter paper.
The separation performance of the modied lter paper was estimated. As shown in Fig. 10a , the separation efficiency for the toluene/water emulsion (30 : 70 v/v) slightly increases with the glucose concentration. And the oil content decreases gradually with the increase of glucose concentration. For the saturatedglucose-solution modied lter paper, the residual oil content is about 47.5 AE 17.6 mg L À1 , which is comparable to the performance of metal foam with nano-pores. 45 These results indicate the coated glucose layer would increase the repellence to oils, thus improve the separation efficiency of the modied lter paper.
To test the separation efficiency for emulsions with different particle sizes, SDBS-stabilized toluene/water emulsions with different toluene contents were prepared. Though particle sizes increase with the toluene volume fraction (Fig. S5 and S6 †) and the volume-average particle sizes of 5.69 mm, 10.05 mm, 15.66 mm, and 16.84 mm are observed in the emulsions containing 5, 10, 20, and 30 vol% of toluene respectively (Table S5 †) , there are still many small particles with sizes less than 2 mm present in emulsions (Fig. S6 †) . It is reported that when pore sizes of Fig. 8 The intrusion pressures of the saturated-glucose-solution treated filter papers supporting different oils. Fig. 9 The toluene/water emulsion (30 : 70 v/v) cannot be separated by the un-treated filter paper (with average pore size 25 mm). In comparison, toluene/water emulsion could be efficiently separated by the glucose treated filter paper.
separation lters and sizes of emulsion droplets are comparable, 45 ,46 the separation efficiency is satisfactory. Here modied lter paper with average size of 2.5 mm is used to test the separation efficiency for various oil/water emulsions. As shown in Fig. 10b , all of the emulsions could be separated successfully by the glucose modied lter paper. The separation efficiency increases slightly with the toluene concentration and it's over 99.8% for all emulsions. Also, the oil contents in ltrates decrease with the increase of toluene volume fraction, which means separation is more effective for large oil droplets. At all situations, the residual oil contents are less than 50 mg L À1 , therefore, the modied lter paper displays good separation performance for oil/water emulsions. The separation performance is comparable to superhydrophobic Ti foam with surface nanocavities. 45 As shown in Fig. 10c , no obvious oil droplets are observed in the collected ltrate, further indicating good separation performance of the modied lter paper. The permeate ux as a very important parameter for oil/water emulsion separation was also considered. By measuring the water volume and time of 100 mL SDBS-stabilized toluene-in-water emulsion (5 : 95, v/v) permeated through the modied lter paper (Fig. S7 †) , the ux is determined by the slope of the linear section (about within the rst 5 min). The data displays a ux of 37 L m À2 h À1 , which is a little smaller than that of PVA hydrogel coated lter papers. 28 This may be caused by the smaller sizes of the emulsion droplets prepared with a higher SDBS concentration in this study, which could retard water ow rate and decrease the ux of the ltrate.
The stability and recyclability of the modied lter paper was also tested. The scrub forces were applied by immersing lter papers in an ultrasonic cleaner and sonication was carried out at a power of 800 W and frequency of 40 kHz. As shown in Fig. 11 , with the increase of ultrasonic time, the separation efficiency for toluene/water (30 : 70 v/v) emulsion always maintains a high level (>99.95%). The oil content in ltrates slightly increases aer 12 h, but is still less than 80 mg L À1 aer 24 h sonication. Moreover, no detectable change of the thickness of the dried lter papers is observed aer washing for 24 h (0.219 AE 0.006 mm aer 24 h washing compared to initial 0.219 AE 0.002 mm of the as-prepared lter paper), indicating the coated GA-glucose layer is stable under ultrasonic washing. In traditional view, lter paper is usually used to retain some solid particles in solutions and it was usually discarded aer onetime use. Here, this simple crosslinking process endows the glucose-modied lter paper with good stability and recyclability for oil/water separations.
Conclusions
In summary, a superhydrophilic and underwater superoleophobic lter paper has been successfully developed by a simple crosslinking reaction between glucose molecules and cellulose lter paper. The modied lter paper can separate various oil/water mixtures under hard environments, such as in acidic, alkaline, and salty environments, and at different temperatures. The water recovery is more than 99% and residual oil content is less than 10 mg L À1 . Meanwhile, the modied lter paper plays a high efficiency (>99.8%) with respect to oil/water emulsion separation, and the residual oil content is less than 80 mg L À1 . Moreover, the modied lter papers also show good stability and reusability. Those results indicate that lter paper, based on its natural porous structure and surface roughness, could be modied for oil/water separation by simply improving it hydrophilic property. The fabrication is facial and economic, and could be easily scaled up for industrial applications.
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